The aim of this study was to define return to theatre (RTT) rates for elective hip and knee replacement (HR and KR), to describe the predictors and to show the variations in risk-adjusted rates by surgical team and hospital using national English hospital administrative data.
The aim of this study was to define return to theatre (RTT) rates for elective hip and knee replacement (HR and KR), to describe the predictors and to show the variations in risk-adjusted rates by surgical team and hospital using national English hospital administrative data.
We examined information on 260 206 HRs and 315 249 KRs undertaken between April 2007 and March 2012. The 90-day RTT rates were 2.1% for HR and 1.8% for KR. Male gender, obesity, diabetes and several other comorbidities were associated with higher odds for both index procedures. For HR, hip resurfacing had half the odds of cement fixation (OR = 0.58, 95% confidence intervals (CI) 0.47 to 0.71). For KR, unicondylar KR had half the odds of total replacement (OR = 0.49, 95% CI 0.42 to 0.56), and younger ages had higher odds (OR = 2.23, 95% CI 1.65 to 3.01) for ages < 40 years compared with ages 60 to 69 years). There were more funnel plot outliers at three standard deviations than would be expected if variation occurred on a random basis.
Hierarchical modelling showed that three-quarters of the variation between surgeons for HR and over half the variation between surgeons for KR are not explained by the hospital they operated at or by available patient factors. We conclude that 90-day RTT rate may be a useful quality indicator for orthopaedics.
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Describing variation in performance is an important first step in quality assessment and improvement. There is growing interest in reoperation or 'return to theatre' (RTT) rates as a quality measure in surgical practice. 1, 2 Our group has established such a measure for colorectal surgery 1 and cystectomy. 2 For elective orthopaedic procedures mortality is rare and falling, 3 and therefore the RTT rate is potentially of interest. We aimed to establish the RTT rates using national administrative data, describe the predictors, and show the variation between surgeons across England using funnel plots and hierarchical modelling.
Materials and Methods
We combined five years of Hospital Episodes Statistics (HES) data, from April 2007 to March 2012, which covers all inpatient and day-case activity in NHS hospitals in England. All elective procedures carried out at acute NHS trusts (excluding Independent Sector Treatment Centres, as their case mix is different) were extracted using Office of Population Censuses and Surveys (OPCS) 4 procedure codes W371 (primary total prosthetic replacement of hip joint using cement), W381 (primary total prosthetic replacement of hip joint not using cement), W391 (primary total prosthetic replacement of hip joint not elsewhere coded (NEC)), W931 (primary hybrid prosthetic replacement of hip joint using cemented acetabular component), W941 (primary hybrid prosthetic replacement of hip joint using cemented femoral component), W951 (primary hybrid prosthetic replacement of hip joint using cement NEC) and W581+Z843 (primary resurfacing of hip joint) for hips and W401 (primary total prosthetic replacement of knee joint using cement), W411 (primary total prosthetic replacement of knee joint not using cement), W421 (primary total prosthetic replacement of knee joint NEC), W521 (Primary prosthetic replacement of articulation of bone using cement NEC), W531 (primary prosthetic replacement of articulation of bone not using cement NEC), W541 (primary prosthetic replacement of articulation of bone NEC), and W581 + relevant Z codes for knee joints. Hip replacements (HR) were divided into subgroups of cemented, uncemented, hybrid and resurfacing. Knee replacements (KR) were divided into subgroups of total, unicondylar and patellofemoral (comprising either patellar or patellofemoral replacements).
We developed an RTT outcome for HR and KR separately in a similar manner to that used THE BONE & JOINT JOURNAL previously. 1, 2 First, the index replacement procedure was identified. All procedures with dates between one and 89 days inclusive after the index procedure date were reviewed by two of the authors (ML and AB) and a senior clinical coder. Codes considered likely to represent unplanned reinterventions were retained in the definition. Procedures could take place either during the index admission or during any subsequent one at any NHS hospital. RTTs were matched where possible to the index leg using OPCS laterality codes. When these were absent, which affected about 5% of patients, then the RTT was assigned to the most recent replacement. If more than one RTT code was found during an admission, then only the first code was counted. Crude and adjusted RTT rates were plotted by the surgeon; HES data record the consultant documented to be in charge of the patient, but who might not necessarily be the surgeon who carried out the operation. Surgeons with five or fewer operations during the five years were excluded, as these may represent coding errors. Rates were adjusted using a logistic regression model containing age group, gender, year, procedure subgroup, area-level Carstairs deprivation quintile, 5 and Elixhauser 6 comorbidities plus dementia; 7 Parkinson's disease was separated from the Elixhauser component 'other neurological conditions' owing to a priori clinical interest. Elixhauser et al 6 intended their set of comorbidities to be used for administrative databases, and the set correlates with a number of patient outcomes. The Carstairs index 5 uses census information on factors such as unemployment and was applied to each small geographical area (mean population 1500) in the country. To reduce the size of the final table of odds ratios (OR), backwards elimination was applied to the full model. The effect of removing covariates in this way was checked and found not to affect the ORs for the retained covariates.
Adjusted RTT rates for each surgeon were displayed on funnel plots. 8 This is a popular method for showing the variation between units -in this case surgeons -while taking into account the differing sample sizes of the units by means of superimposed control limits at two and three standard deviations (SD) either side of the benchmark, in this case the national mean RTT rate. 'Exact' funnel plot control limits for adjusted rates were estimated using a Poisson distribution in Excel (Microsoft, Redmond, Washington); units with fewer than five expected RTTs were declared not to be low outliers, as we have found that the formula applied to the software loses its reliability at such small numbers.
To determine the independent contribution of patient factors, surgeon and hospital on RTT risk, we used hierarchical modelling. This allows the variation in the odds of RTT to be partitioned according to each level in the hierarchy (i.e. patient, surgeon and hospital). The relative contribution of a given level to the variation in the RTT rate is estimated by fitting and comparing successive models with different levels. Model discrimination was assessed by the area under the ROC curve (c statistic) and calibration by the Hosmer-Lemeshow test. Analyses were performed using SAS version 9.2 software, (SAS Institute, Cary, North Carolina). Table I . The most common re-intervention was closed reduction of a dislocated total prosthetic replacement for HR (34% of the total) and attention to total prosthetic replacement of knee joint NEC for KR (28% of the total), the latter including manipulations under anaesthesia for stiffness and various other interventions. In April 2011 the more specific W913 (Manipulation of prosthetic joint NEC) was introduced, which accounted for another 8%. For reduction of dislocation alone within 90 days, the rate was < 0.1% for hip resurfacing, 0.6% for uncemented HR, 0.7% for hybrid and 0.8% for cemented HR. Of the Elixhauser comorbidities, drug abuse, the presence of human immunodeficiency virus (HIV) and weight loss were too seldom recorded to be used. The discrimination of the two models (one for hips, one for knees), or their ability to give a higher predicted probability of RTT to those patients who did in fact have an RTT than to those who did not, was low (c = 0.61 for HR and 0.60 for KR). The calibration of the models, or their ability to give an accurate predicted probability of RTT to each patient, was acceptable using the Hosmer-Lemeshow test (chi-squared 9.2, p = 0.324 for HR, and chi-squared 13.3, p = 0.102 for KR).
Results

There
Age, gender and many comorbidities were significant predictors of RTT for both HR and KR (selected factors are shown in Table II ; the supplementary material shows the full regression results). Age had different relationships for hips (ages > 75 years had higher odds) from those for knees (ages < 60 years had higher odds, particularly those < 45 years) (supplementary material). Some comorbidities, such as arrhythmias, dementia, obesity, pulmonary disease, fluid disorders (E86X, Volume depletion, and E87, Other disorders of fluid, electrolyte and acid-base balance) and Parkinson's disease, were associated with higher odds of RTT for both index procedures, but others, such as liver disease, mental illness and alcohol abuse, raised the odds only for HR. Having had one or more (and particularly three or more) unplanned admissions for any diagnosis in the previous year led to much higher odds of an RTT for their HR or KR than having had none (supplementary material). There was no relationship with area deprivation or renal disease. Hip resurfacing had around half the odds of that for other hip subgroups; partial knee replacements had around half the odds of that for other knee subgroups (supplementary material).
There was wide variation between surgeons for RTT for both index procedures as shown in Table III , which reveals the proportion of funnel plot outliers at 2SDs and 3SDs after adjustment for patient factors. The funnel plots are shown in Figures 1 and 2 . Adjustment for the patient factors in Table II had little impact on the distribution of RTT rates. Table III and the two plots show more outliers at 3SDs than expected from purely random variation for both index procedures, although the proportion exceeding the 95% limits is slightly less than would be expected by chance. The results from the hierarchical modelling, including the SD of the surgeon random effects, with and without accounting for patient factors, are presented in Table IV .
We considered the three levels of patient, surgeon and hospital in the multilevel models, with random effects for the latter two. By adding another level to the model and noting by how much the SD of the random effects changes, it is possible to estimate the relative importance of each level (Table IV) . For example, for HR the SD for surgeons without patient or hospital in the model was 0.219. Adding patient factors to the model reduces it to 0.210 and thereby accounts for 4.1% of the variation between surgeons. If the hospital is added to the model instead of patient factors, the SD falls to 0.160, a drop of 26%, but adding patient factors to this results in no further fall. This can be interpreted as suggesting that about a quarter of the variation in RTT rates between surgeons can be accounted for by available patient factors and the hospital at which the operation was performed. Variation by surgeon for HR was similar to that for KR (SD 0.22). Patient factors explained little of this for either procedure. Accounting for the hospital explained around a quarter of the variation between surgeons for HR and nearly half (44.1%) for KR. This implies that threequarters of a surgeon's RTT rate for HR and half their rate for KR is explained by factors other than patient factors or the hospital at which they operate.
Discussion
Using routinely available hospital data, we have defined an RTT measure for use in association with other quality measures, such as revisions, for benchmarking and improvement in common elective orthopaedic operations. Using multilevel modelling, we found wide variations by the surgical team for both HR and KR. RTT rates differed greatly by procedure subgroup in favour of hip resurfacing and partial knee replacements. Higher rates of re-operation were seen in the elderly for HR and in the young for KR; women had 20% lower odds for both. We found no significant relationship with small-area socio-economic deprivation.
There is growing interest in RTT in various surgical specialties, although little has been published in orthopaedics. Our current analysis extends the definition used in our previous study, which had a different purpose. 9 A trial by gave the outcome in their cohort study only as 're-operation rate due to wound complications'. A large but single-institution study concluded that the most common indication for nonrevision re-operation was stiffness, with all but five of these re-operations for stiffness being manipulations under anaesthesia. 12 We also found that these were common, although the specific code for these, W913, has only been introduced fairly recently.
The finding that hip resurfacing had half the RTT rate of total hip replacement (THR) is noteworthy, given that it has long been associated with higher revision rates.
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Analysis from the National Joint Registry for England and Wales (NJR) found that resurfacing had lower age-and genderadjusted 90-day mortality rates in patients with osteoarthritis than THR with cement, though the relationship was not significant (p = 0.95) after further adjustment for comorbidity. 14 As it uses larger-diameter articulations, resurfacing is expected to have a lower dislocation rate 15 (the most common type of RTT in our database), and this finding was confirmed by our study. Likewise, it is also expected that unicondylar KR will have a lower RTT than total knee replacement, as it generally requires a smaller surgical approach and is a less extensive procedure. This study used a national database and reflects real practice in England's NHS. The principal limitations stem from using an administrative data set and mostly concern coding accuracy and lack of physiological variables. The accuracy of HES administrative data was found to be approximately 96% and 97% for primary diagnostic and operation codes, respectively, 16 and the coding is inspected annually. Derivation of the re-operation rates in this study relied on the primary procedure codes when the re-operation occurred in a re-admission and on the secondary procedure codes when the re-operation occurred during the index procedure's admission; the accuracy of secondary codes may be less than that of the primary codes. The usefulness of the rates is also clearly dependent on the accuracy of the consultant field, so that procedures are attributed to the correct surgical team. Attribution is much more difficult for emergency admissions than for planned activity. As part of an assessment of the suitability of HES data for consultant revalidation, HES and corresponding clinical databases were compared for coronary artery bypass graft (CABG) and percutaneous coronary intervention (PCI) at both consultant and hospital level. 17 Agreement on the numbers of procedures by consultant was generally good for CABG, though there were problems at two hospitals. Agreement was less satisfactory for PCI, which would have included a greater proportion of emergency activity. Other specialties were not covered. HES data lack information on the patients' BMI, and obesity is probably under-recordedalthough it was associated with higher odds, an expected finding given the greater susceptibility of obese people to wound infections, 18 to the extent that some United Kingdom local healthcare commissioners set an upper BMI limit for lower limb joint replacement. 19, 20 Beyond procedure information, there was no information on severity of the disease. Therefore, some of the variation between units will have not been accounted for.
The term 'surgeon' has been used throughout, whereas the HES field strictly refers to the consultant team responsible for the patient, rather than the person performing the operation. Number of procedures Average Adj rate (%) Upper 99.8% limit Upper 95% limit Lower 99.8% limit Lower 95% limit Nonetheless, a surgeon is responsible for all operations done in his/her name. If their trainees do not perform well, the consultant's RTT should reflect this. We used 'exact' Poisson control limits around the adjusted rates. The 95% and 99.8% limits are the most commonly used but are of course arbitrary. In theory, 5% and 0.2% of 'in-control' units whose rates are actually consistent with the overall mean are expected to lie outside these limits. Recent work, however, has suggested that these commonly used limits may not in fact yield in-control rates of exactly 5% and 0.2%. 21 However, our purpose was to show the variation rather than identify outliers, so the choice of limits was not crucial.
The analysis could be extended to include surgeon and hospital volume and hospital factors such as location of the hospital (rural/urban), teaching status and staffing levels. Correlating RTT rates with other outcome measures, such as revisions, patient-reported outcome measures (PROMs) and mortality, would be worthwhile.
In conclusion, this study supports the feasibility of using routinely collected data to derive the re-operation rate as a quality indicator for common elective orthopaedic procedures. Mortality rates are published by surgeon in England on the open access NHS Choices website, although death is too rare to discriminate between surgeons. Cumulative revision rates are available to surgeons via a secure online tool using NJR data; this portal could also potentially be used to provide RTT rates at 90 days. In terms of relative usefulness as quality metrics, revisions relate more to the choice of implant whereas RTT is more likely to reflect surgical skill and technique. The NJR 13 gives three-year revision rates of 2.0% for total hip replacements and 2.5% for total knee replacements; RTT rates in our study with just a 90-day follow-up were 2.1% for hips and 1.8% for knees. RTT may therefore provide more current performance information and seems to be a useful adjunct to the revision rate. Initiatives to improve surgical performance should include reducing inexplicable variation in RTT.
Supplementary material
A full regression table for hip replacement (HR) and knee replacement (KR) is available alongside the online version of this article at www.bjj.boneandjoint.org.uk.
